Background. Acculturation affects health, but it has never been studied with kidney disease. Methods. We studied the association of language spoken at home, generation and birth place with kidney function among Hispanics and Chinese in the Multi-Ethnic Study of Atherosclerosis (n = 2999). Kidney function was determined by cystatin C (eGFRcys) and albumin/creatinine ratio (ACR). We evaluated mediators in models: Model 1 = age, sex, income, education; Model 2 = Model 1 + behaviors; and Model 3 = Model 1 + comorbidities. Results. Among Hispanics, speaking mixed Spanish/ English was significantly associated with lower eGFRcys (−2.83 mL/min/1.73 m 2 , −5.69-0.04) and higher ACR (RD 40%, 17-68%) compared with speaking Spanish only; this was mildly attenuated by behaviors (−2.29, −5.33-0.75; RD 42%, 18-72%) but not comorbidities (−3.04, −5.83 to −0.23); RD 35%, 14-59%). US-born Hispanics had lower eGFRcys compared with foreign-born Hispanics [1.83 mL/min/1.73 m 2 lower (0.97-1.31) for Generation 1; 1.37 mL/min/1.73 m 2 lower (0.75-1.57) for Generation ≥2]. In contrast, Chinese who spoke any English had higher eGFRcys (2.53, 95% CI: −1.70-6.78), but similar ACR (RD − 5%, 95% CI: − 26-23%) compared with those speaking Chinese only, but associations were not statistically significant. Conclusion. Higher acculturation was associated with worse kidney function in Hispanics, mediated perhaps by behavioral factors but not comorbidities. Associations may be in the opposite direction among Chinese. Future studies are needed to elucidate these mechanisms.
Introduction
Chronic kidney disease (CKD) is a major public health problem in the USA, which is reported to affect 13% of adults [9] . The impact of CKD and its complications is higher among certain racial/ethnic groups [20, 28, 34, 43, 49] . Hispanics have~2-fold higher incidence of endstage renal disease (ESRD) and Asians have a 1.3-fold higher incidence compared with non-Hispanic whites in the USA [23, 34, 49, 50] . These observations have not been explained by differences in the prevalence of traditional CKD risk factors or differences in socioeconomic status [20, 34, 47] . Despite the increasing numbers of persons of Hispanic or Asian descent affected by kidney disease [49] , studies of risk factors for CKD among Hispanics and Asians in the USA are limited.
One major challenge in the study of CKD risk factors within these groups is that adults who are categorized as Hispanic or Asian in epidemiological studies may actually be quite heterogenous [7, 33] , possibly leading to differences in disease risk. One source of variability within immigrant groups is the degree of adoption of US culture, referred to as level of acculturation. Acculturation refers to the modification of the culture, behavior, beliefs and values of individuals and groups as they borrow or adapt to another culture [4] . Different immigrant groups may acculturate to different degrees, and acculturation may also vary by gender or age [5, 8, 31, 32, 36] . Moreover, acculturation may have differing associations with disease in different groups [45] . Higher levels of acculturation have been shown to be independently associated with higher rates of traditional CKD risk factors such as diabetes, atherosclerotic heart disease and hypertension among Chinese and non-Mexican American Hispanics in the USA [13, 24, 30] . Evidence also suggests that the health consequences of greater acculturation are not always adverse [3] . The association of acculturation with kidney disease has not been previously studied.
We used data from the Multi-Ethnic Study of Atherosclerosis (MESA) to investigate whether acculturation is associated with kidney dysfunction and albuminuria among Hispanic and Chinese participants. We also investigated whether a potential association between accultur-ation and kidney dysfunction was explained by differences in traditional kidney disease risk factors or differences in behavioral factors. We hypothesized that higher levels of acculturation would be associated with decreased kidney function and increased albuminuria, and that these associations would be primarily mediated by differences in the prevalence of diabetes and hypertension.
Materials and methods

Subjects
The MESA is a large, prospective cohort sponsored by the National Heart, Lung, Blood Institute aimed to understand subclinical cardiovascular disease and its progression in a multi-ethnic population. Details on recruitment and design have been previously published [6] . The MESA cohort includes 6814 men and women aged 45-84 years at the time of recruitment. Participants were recruited from six field centers: Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles, CA; New York, NY; and Saint Paul, MN between July 2000 and August 2002 and were all free of cardiovascular disease at entry. Individuals were self-identified as white, African American, Hispanic or Chinese-American based upon self-report. The institutional review boards at all participating centers approved the study, and all participants gave informed consent. For these analyses, we included all participants who self-identified as Hispanics or Chinese and who either had a cystatin C measurement or an albuminuria measurement at the baseline visit (n = 2299).
Predictor variable: measures of acculturation
This study uses three proxy measures of acculturation: (i) language spoken at home, (ii) generation and (iii) place of birth to examine the association of level of acculturation with kidney dysfunction among Hispanics and Chinese. These measures were chosen because they have been shown to have high internal consistency, strong correlations with existing acculturation scales and have been reported to explain much of the variance of existing scales [10] [11] [12] . In addition, they have been widely used as proxies of acculturation in other studies [8, 11, 13, 18, 24, 25, 30, 36] . Questionnaires were administered at the baseline MESA visit in English, Spanish and Chinese. These questionnaires collected information on sociodemographic and cultural factors. Participants were asked to identify their primary language spoken at home. For Hispanics, we categorized participants as speaking exclusively Spanish, mixed Spanish and English, or exclusively English at home. We categorized Chinese participants as either speaking exclusively Chinese or any English (combining mixed English and Chinese and English only) at home due to the low numbers of Chinese speaking English only at home.
Generation was derived by combining information about birth place for participants and their parents and grandparents reported in the MESA questionnaire. We categorized generation as in previous acculturation studies using generation as a proxy measure of acculturation [26] . Generation 0 was defined as the participant being born outside the US (Puerto Rico included); Generation 1 if the participant was born in the USA and at least one of his/her parents were born outside the USA; Generation 2 if the participant, his/her parents and up to two grandparents were born in the USA; and Generation 3 if the participant, his/her parents and three to four grandparents were born in the USA. Generation 0 was considered least acculturated [26] .
Place of birth was determined by responses participants gave in the questionnaire. We categorized participants as either US born (including Puerto Rico) or foreign born.
Outcome variables: kidney function and albuminuria
Estimated glomerular filtration rate (eGFR) was calculated using cystatin C. Cystatin C is an alternative marker of kidney function that has been shown to be less affected by age and sex than creatinine [37] [38] [39] 41] , may be more accurate for estimating kidney function among persons with glomerular filtration rate >60 mL/min/1.73 m 2 [35] and has stronger and more linear relationships with adverse cardiovascular outcomes and mortality compared with creatinine [42] . Cystatin C was measured from stored sera collected at the baseline MESA visit by a particle-enhanced immunonephelometric assay (Siemens). We expressed kidney function as eGFR using the equation: 76.7 × cys C −1.19 [44] . We also studied urine albumin levels as a measure of kidney damage, using the spot urine albumin/creatinine ratio (ACR) measurement. Urine albumin and creatinine were measured by nephelometry and the Jaffe method with the ratio expressed in milligrams per gram.
Covariates
Age, sex, history of smoking, alcohol use, income and education were ascertained by a questionnaire at baseline. In addition, MESA used a questionnaire modeled after the Cross-Culture Activity Participation Study to ascertain physical activity, which is semiquantitative and assigns a MET intensity level for each activity participants responded engaging in. Physical activity data is then summarized as minutes per day and MET minutes (minutes per day × MET intensity level). One MET minute is roughly 1 kcal/min for a 60-kg person [48] , which allowed a quantitative evaluation of physical activity. Diet and caloric intake were evaluated using a 127-item food frequency questionnaire [27] based upon the Insulin Resistance Atherosclerosis Study instrument. The questionnaire has been validated for different race/ethnic groups and was modified in MESA to include foods typically eaten by Chinese persons. Diabetes was defined as fasting glucose ≥126 mg/dL and/or use of anti-diabetic medication, a definition used by the 2003 American Diabetes Association criteria [1] . Hypertension was defined as a systolic blood pressure ≥140 mmHg and/ or diastolic blood pressure ≥90 mmHg, or current use of antihypertensive medication. Waist/hip ratio, measured as an index of body fat distribution, was calculated by measuring to the nearest 0.1 cm from the umbilicus and hips to the maximum circumference of buttocks. Body mass index (BMI) was calculated as weight (kg)/height (m) [2] . Total high-density lipoprotein (HDL) cholesterol and triglycerides were measured and low-density lipoprotein (LDL) was estimated by the Friedewald equation.
Statistical analysis
We first described the cohort characteristics by language spoken at home, separately for Hispanics and Chinese, using t-test, ANOVA or chi-square where appropriate. We used multivariable linear regression models, separate for Hispanics and Chinese, to determine whether there was an independent association of language, generation or place of birth (in separate models) with eGFR or ACR. Urinary ACR was log transformed to achieve normality. Spanish only/Chinese language only, Generation 0 and born outside the USA were used as referent categories, as these were considered least acculturated. Beta coefficients for the models with ACR were back transformed to relative differences (RD) in order to facilitate interpretation. In addition, we used three staged models with sequentially added variables in order to study potential mediators of the association between acculturation and kidney dysfunction. Model 1 included age, sex, income and education; Model 2 included variables in Model 1 plus behavioral factors: smoking (current, past, never), alcohol use (yes or no), physical activity and percent fat calories; and Model 3 included Model 1 plus traditional CKD risk factors: diabetes, hypertension, LDL, HDL, BMI and waist/hip ratio. Based on prior literature [8, 32, 36] , we then tested for the interactions of each measure of acculturation with age (<65 and ≥65 years old) and sex in Model 1 for each kidney outcome. All analyses were conducted using Stata 10 (College Station, TX, USA) [2] .
Results
Characteristics of the study population
Among the 2299 participants in this study, 1496 self-identified as Hispanic and 803 as Chinese. Mean age was 62 for Hispanics and 61 for Chinese participants; mean eGFR levels were 93 and 98 mL/min/1.73 m 2 , respectively. Among Hispanics and Chinese, 12.5 and 12% had ACR > 30 mg/g, respectively. In addition, the distribution of the measures of acculturation varied by ethnic group. Among Hispanics, there was a wide distribution across 1910 E.C. Day et al.
categories of language spoken at home: 819 (55%) spoke exclusively Spanish, 238 (16%) spoke mixed Spanish and English, and 439 (29%) spoke exclusively English. In contrast, 700 (87%) of the Chinese reported speaking exclusively Chinese; only 31 Chinese participants were born in the USA. In both race/ethnic groups, those who spoke English exclusively at home generally had higher incomes and levels of education. Hispanic participants who spoke primarily English had higher waist circumferences and BMI, though they reported higher levels of physical activity compared with those who spoke Spanish only. Hispanics who reported speaking any English or exclusively English were more likely to be current or former smokers. Among Chinese, the group speaking any English at home had higher average BMI and higher caloric intake, but a lower percentage of calories from fat (Table 1) . Among Hispanics, eight participants were missing a cystatin C measure and seven were missing urine albumin measures. Among Chinese participants, only three were missing a cystatin C measure and none was missing urine albumin.
Acculturation and kidney function among Hispanics
Compared with those who reported speaking exclusively Spanish at home, Hispanics speaking any English at home or exclusively English at home had lower eGFR, and this finding was strongest among those speaking both languages. In the group speaking mixed Spanish and English, eGFR was significantly lower compared to the Spanish only group, even after adjusting for demographic factors and socioeconomic status. Although the direction of the association remained constant, the effect size was attenuated by~20% by adjustment for behavioral factors. In contrast, adjustment for traditional CKD risk factors (comorbidities) had no attenuation effect ( Table 2) . A similar pattern was seen with albuminuria where Hispanic participants who spoke only English and those who spoke both Spanish and English at home had significantly higher albuminuria levels compared to those who spoke Spanish only. This association was not significantly attenuated after adjustment for behavioral factors or comorbidities. Those who reported speaking English only had modestly higher levels of albuminuria, but the differences were not statistically significant.
We also used generation as a proxy measure for acculturation and examined its association with kidney function and albuminuria. We observed that Hispanics who were Generation 1 and above had worse kidney function than Hispanics who were Generation 0, but the results did not reach statistical significance: eGFR was 1.83 mL/min/ 1.73 m 2 lower (95% CI 0.97-1.31) for Generation 1 and 1.37 mL/min/1.73 m 2 lower (95% CI 0.75-1.57) for Generations 2 and 3 ( Figure 3 ). In addition, those who were Generation 1 and above had higher levels of albuminuria (RD 12%, 95% CI −3-13%) compared to those who were Generation 0. Results were similar when we used place of birth as a proxy for acculturation; US-born Hispanics had lower eGFR (−1.07 mL/min/1.73 m 2 , 95% CI −3.31-1.19) and higher levels of albuminuria (RD 18%, 95% CI 3-36%). This association with albuminuria was moderately attenuated by adjusting for both behavioral factors and comorbidities, but significance was lost [RD 12% (−3-30) and RD 8% (−6-32%), respectively].
Interestingly, we found significant effect modification by age of the association between language spoken at home and kidney function in Hispanics (P for interaction = 0.009). Among those aged <65 years, speaking English only or mixed English/Spanish was strongly and independently associated with lower eGFR. There was no observed association between acculturation and kidney dysfunction among those aged >65 (Figure 1) . We found no significant interaction with sex (P = 0.38).
The association of acculturation and kidney dysfunction among Chinese
In contrast to the findings among Hispanics, speaking any English at home was associated with better kidney function among the Chinese, but the findings were not statistically significant. However, the point estimate was consistent in all models and similar in magnitude to the association observed when mixed language Hispanics were compared to English language Hispanics (Table 3) . Chinese who reported speaking any English had slightly lower levels of albuminuria, but these findings were not statistically significant. We could not evaluate generation or place of birth in the Chinese because nearly all were either Generation 0 or 1 and born outside the USA. We found a significant interaction with gender in the Chinese (P = 0.04) but not with age (P = 0.80). The use of any English language at home was associated with a significantly higher eGFR among Chinese women, whereas no association was observed among Chinese men (Figure 2 ). This association was not attenuated after adjustment for behavioral factors and only slightly by comorbidities.
Discussion
Using proxy measures of acculturation, we found an association between acculturation and kidney function by eGFR and albuminuria among Hispanics and Chinese. Interestingly, the direction of the association differed by race/ethnic group. Particularly when measured by language spoken at home, higher levels of acculturation were associated with worse kidney function and higher albuminuria among Hispanics, whereas the direction of the association with kidney function was the opposite among Chinese, although it was not statistically significant. Among demographic subgroups, language appeared to have the strongest associations with kidney function among younger Hispanics and among Chinese women. Adjustment for behavioral factors attenuated the association between acculturation and kidney disease among Hispanics, but adjustment for traditional kidney disease risk factors had little effect.
The observed differences in the association of acculturation and kidney function by race/ethnicity illustrate the complexity of studying acculturation effects on health and disease. The acculturation process itself may differ for Hispanics and Chinese immigrants, and it may have differing positive and negative effects on health across racial/ethnic groups [5, 15, 31, 36, 45] . For example, Hispanics who are more acculturated may adopt adverse behaviors related to diet or smoking that may impact health [19, 29] , whereas Chinese may in fact stop smoking or increase physical activity, as has been previously reported [3, 8] .
The negative impact of higher acculturation on kidney function in Hispanics is consistent with prior data [14, 24, 26, 30] . The finding that this outcome appeared to be more pronounced among those who reported speaking both English and Spanish is noteworthy. One possible mechanism to explain this observation is that Hispanics who speak predominantly English may have acquired adverse health behaviors, but have better access to the healthcare system and higher health literacy, thus attenuating some of the adverse effects of acculturation in this group. When we examined potential mediators of the association between language and kidney disease, we found that lifestyle behaviors moderately attenuated the association, whereas traditional CKD risk factors like diabetes and hypertension did not. This finding is consistent with studies that found acculturation to have a negative effect on health behaviors in this population [16, 17, 21, 29] . The mechanism to explain the fact that different health behaviors rather than traditional CKD risk factors attenuated the effects of acculturation with eGFR should be explored further. It is possible that changes in behavior may lead to increased inflammation, oxidative stress and/or obesity before the onset of clinical diabetes, hypertension or CKD (eGFR <60 mL/min/1.73 m 2 [2] ). These factors have been associated with kidney dysfunction [22, 40] . We also found a significant effect modification by age on the association of language spoken at home and kidney function among Hispanics, where the effects of acculturation were strongest among younger Hispanics. This may be explained by reports that younger Hispanics appear to have higher rates of obesity, poorer nutritional habits and lower rates of physical activity compared to their White counterparts [5] . It may also be that the effects of age on kidney function overwhelm any measurable effect of acculturation, older participants have lived in the USA longer, so that language is a poorer measure of acculturation, or that older participants migrated at an older age and were less likely to acculturate, resulting in a more narrow range of exposure to host country influences. Future studies should focus on investigating social and biological pathways that mediate the associations between adverse health habits and kidney disease.
In contrast to Hispanics, we observed that acculturation may be associated with better kidney function. This has also been observed in other studies [5] . The positive association between acculturation and kidney function was sig- nificant primarily in Chinese women. Chinese women have been reported to adopt the healthy habits, such as increased physical activity [3] and healthier diet, of the US earlier and smoke less than their male counterparts [32] . In addition to differences in the adoption of adverse health habits, Chinese immigrants tend to have higher incomes and levels of education than Hispanic immigrants in the USA, which may lead to better access to healthcare. Other important factors such as spirituality and social cohesion may also shield immigrant groups from adverse effects of other components of acculturation [15, 46] , factors present in Hispanics but perhaps overwhelmed by adverse acculturation influences in other realms. To our knowledge, this is the first study to examine the relationship between acculturation and kidney function 'within' race/ethnic groups. Strengths of the study include the use of MESA, which is a large, multi-ethnic, diverse cohort. In addition, cystatin C is a measure of kidney function that has been shown to be less biased than creatinine, particularly in a general population study such as this one.
This study also examined the two largest immigrant groups in the USA, yielding results that could be helpful in clinical practice and for health interventions for these populations. However, our study is limited by the use of proxies for acculturation rather than a validated scale. Although some of our findings did not reach statistical significance, these were consistent using several different measures of acculturation. In addition, we used eGFR as measure of kidney function, and equations have not been accurately validated in all major race/ethnic groups. Due to the cross-sectional nature, we cannot address the direction of the association, although it seems implausible that decreased kidney function could affect language status. A major limitation is that we were limited in power by sample size and the narrow distribution of measures of acculturation in the Chinese, which may have biased our results toward the null. Moreover, residual, unmeasured confounding may be present. However, our findings support the concept that race/ethnic groups are not homogenous, and that race is a multi-dimensional construct involving genetic ancestry, cultural heritage and the unique acculturation process of each ethnic group in the USA. In summary, we found that acculturation was associated with kidney function, but that this association differed in direction by race/ethnicity. For Hispanics, those who spoke mixed Spanish and English had the worst kidney health based on eGFR and albuminuria, and this association was stronger among the young Hispanics. Among Chinese, higher acculturation was associated with better kidney function, and this finding was strongest among the women. Our findings demonstrate that within-group differences are important to consider when examining the health of different ethnic/racial groups in the USA. Often these groups may be considered homogenous, but there are many factors that influence their health. Further studies should examine potential mediators to explain the association between acculturation and kidney function. This is of great public health importance as these ethnic/racial groups are likely to encompass a growing proportion of the CKD population in the USA.
